Examples of Substituted Piperidines Accessible Via 
the Methods of the Present Invention 
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Structure C 


Structure D 


For Structures A, B, C, and D: 


n = 0, 1, or 2 

Ri = H, alkyl, aryl, heteroaryl, aralkyl, -CO2R4, or-C(0)NHR4 
R2 = alkyl 

X = O, NC(0)R4, or NS(0)2R4, NH, NR4, S, or S( 0 ) 

R3 = alkyl, aralkyl, aryl, or heteroaryl 
R4 = alkyl, aryl, heteroaryl, or aralkyl 
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Figure 2 


Prophetic Asymmetric Synthesis 
of 3-Substituted Piperidine 1 



1. PhCHgCHzBr 

2. (R)-2-methyl-CBS 
oxazaborolidine 

3. NaBH 4 , MeOH 


OH 
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H2 

[Rh(l)(COD)(bis(dpp)Bu)]BF4 


1. HN3. PhaP, DEAD 

2 . H2. Pd-C 
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Me 


PhBr, Pd(0) 


NHPh 
H r 



Me EtCOCI, i-PrgNEt 


1. EtCOCI. i-Pr2NEt 

2. PhBr. Pd(0): or PhaBi, Cu(OAc )2 
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Figure 4 


Prophetic Asymmetric Syntheses of 3-Substituted Piperidine! 



1) PhCH2CH2Br 
^ 

2) Chiral Catalyst 
Hydrogenation 

Or, NaBH(OAc)s 
followed by 
Asymmetric 
Hydrogenation 



NHPh 
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Figure 5 

Prophetic Asymmetric Synthesis of 3-Substituted Piperidine 3 
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1) acid 


2) PhCHjCHjBr 


Me Q 


XT ivie 
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Ph 


TADDOL catalysts 
Aryl 

Aryl = Ph, O 

2-napthyl, or 1-napthyl 


O"" 

Both enantiomers are 
commercially available 



+ Ti(0-i-Pr)4 


See Seebach, D. et al. 
Tetrahedron 1992, 48 (27), 5719. 
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Figure 6 


Prophetic Asymmetric Synthesis of 3-Substituted Piperidine 51 
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Both enantiomers are 
commercially available 


Tetrahedron 1992, 48 (27), 5719. 
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Figure 7 


CbzCI. K 2 CO 3 

1:1 THF/H 2 O 
0°C, 1h 


1)LiOH 

THF/Me 0 H/H 20 
0 °C. 16h 

2) BH 3 -M 62 S 
THF 

0-20 °C. 2 h 
95% 


■ 11 DMSO 

O 

DCM -78 




2) EtjN, DCM 
-78-0 ®C 
100% 


4R-TADDOL, MegZn 
Ti(OIPr) 4 , Et 20 
-78-30 °C. 72h 
61% 


0“‘ 


MsCI. tPfgNEt 
DCM 

0-20 °C. 2h 


OMs 30 eq H 2 NPh 
neat 

90 °C. 72h 


.X) 
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0-20 ®C, 4h 
45% 2 steps 
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Me 
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Tl(OiPr) 4 . Et 20 
-78-30 °C. 72h 



MsCI, IPrjNEt 
DCM 

0-20 °C, 2h 


30 eq H 2 NPh 


90 «C. 48h 


cr» 


K 2 CO 3 . THF 
50 «C. 16h 
50% 2 steps 
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20 ®C. 1 h 
98% 
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Figure 8 
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CbzCI. K 2 CO 3 


N D-tartrate 

1:1 THF/H 2 O 
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O^C. 16h 
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90 ‘*C.48h 
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50 °C, 16h 
68 % 
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Figure 9 



Cbz 

9 



,CHO 

R 


>^CHO 

S 


- 95 - 



Figure 10 




16 



2,6-lutidine 19 





Figure 11 




Mixture of 15, 16, 27, and 28 
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Figure 12 


15: (R,S)-Isomer Chromatogram 
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Figure 13 


27; (S,S)-Isomer Chromatogram 
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Figure 14 


16: (R,R)-Isomer Chromatogram 
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Figure 16 


No. 

Description of HPLC Trace 

Peak Retention Times (min) 

1 

Catalyst 13 (254 nm) 

8.420, 8.781 

2 

Catalyst 13 (220 nm) 

8.420, 8.781 

3 

Catalyst 1 3 and non-selective 
coinjection (254 nm) 

8.155, 8.328, 8.695 

4 

Catalyst 1 3 and non-selective 
coinjection (220 nm) 

8.155, 8.333, 8.688 

5 

non-selective (254 nm) 

8.208, 8.395, 8.688 

6 

Catalyst 14 (254 nm) 

8.061, 8.210, 8.399, 8.688, 8.897 



Figure 17 


No. 

Description of HPLC Trace 

Peak Retention Times (min) 

1 

Catalyst 14 (254 nm) 

8.158,8.423 

2 

Catalyst 14 (220 nm) 

8.030, 8.159, 8.366 

3 

Catalyst 14 and non-selective 
coinjection (254 nm) 

8.176, 8.386, 8.664 

4 

Catalyst 14 and non-selective 
coinjection (220 nm) 

8.044, 8.178, 8.387 

5 

non-selective (254 nm) 

8.176, 8.374, 8.646, 9.950 

6 

non-selective (220 nm) 

8.375 
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Figure 20 


Ph 

Me 

Ph. 

Me I 


M 

HO 

NR 2 

HO 

NR2 

R = "Bu (1 S,2R)-ephedrine 

R = "Bu (1 R,2S)-ephedrine 

' R =-'Pf,-^e, Etv pentyl, allylj 

~R = 'Pr;'Me, Et, pentyl, allyl. 

-(CH2)4-. -(CH2)20(CH2)2- 

-(CH2)4-. -(CH2)20(CH2)2- 



= Me, Me 2 CHCH 2 - 

= Ph, ferrocenyl, 1 -naphthyl, 2-naphthyl, 'Bu, PhsC 



R^ = "Bu, Ph 



(-)-DAIB 



NHBu 

R R 
R = Ph, "Bu 


NBU2 
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Figure 21 



R’ = SO3CF3. r 2 = H 



X = H. SiMe3 
Y = -CHsNMei, OMe 




R = H. Me M02N OH 

R^ = -(CH2)3NMe2. 2-(Me2N)Ph, 

2 -pyridyl, 2 -A/-Me-pyrrolyl, 

-(CH(OH))CH2NMe2 
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Figure 22 
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Ph 


R = Ph, = Me. H 
R = Ph, H, R^ = Me 



R = H. Me 

X = H, Y = Me 
X = Me,Y = H 



R = H. Me 
R^ = H, R^ = p-tolyl 
R^ = p-tolyl, R^ = H 




R = Ph, Et, Pr. "Bu, 
-(CH2)4-, CH2Ph 

R^ = H, Me 


H 



X = H. Y = OH 
X = OH, Y = H 
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Figure 23 
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Ph. ,Ph 
'OH 




N 

CPh3 



R = Me, TBDMS, TBDPS 



R = Me, H, -CHjCMea 




R = H, -(CH2)-2-pyridyl, 
-(CH2)C(Ph)20H 
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Figure 24 


.OMe 

1 ^ 16020 *^ 1 ^^ ' 
R^OH 
R = Me. Ph 



Ph^^Y^OR 

OH 

R = Me, TBDMS, 
TBDPS, Bn. CPha 
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Figure 25 





Ar= Ph, 1 -naphthyl, 
2-naphthyl 





Figure 26 
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Me H 



Ri = r 2 = ph 
= ^Bu, R2 = Ph 
Ri = CeFg. r 2 = Ph 



Ar = p-MeOPh 
Ar = p-CIPh 



R = Et, Bu 


R = Et, "Bu 


R = Me. Et 


Figure 27 
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Figure 30 


Me 



= R2 = Et 

R1 = r 2 = ph 

R^ = Et, r2 = H 


X = CO 
X = P(OEt)o 
X = P(OBu) 3 
X = P(OPh)3 


Me 



R'* = R2 = Et, X = PPh3 
R1 = r2 = Ph, X = PPhg 
R^ = r 2 = Et, X = P(OPh)3 
R^ = Et, r 2 = H, X = PPhj 
R^ = Et, r 2 = H, X = P(OPh)3 



9 





Figure 31 
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Figure 32 
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Afv Ar Afv Ar 

Ar = Ph 

Ar = 2-Naphthyl 

Ar Ar Ar Ar 

TADDOL: 

a, a, a', a*-tetraaryl-1.3-dioxolane-4, 5-dimethanols 


p~^ 

0-\ 


S^OH 
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R2^oA^Oh 
Ar Ar 


^ V 
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Ar. Ar 
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Any combination of R’ & R^ with Ar as defined below: 


R^ = r 2 = Me 
R^ = Me. r2 = H 
r 1 = Ph, r 2 = Me 
R^ = r2 = H 
r1 = r2 = -(CH2)s- 
R’ = fBu. r 2 = H 
R’ = Ph, = H 
R^ = 1 -naphthyl, R^ = H 
R’ = 2-naphthyl, R^ = H 


Ar = Ph 

Ar = 2-Naphthyl 
Ar = 4-Med-Ph 
Ar = 4-Ph-Ph 
Ar= 1-Naphthyl 
Ar = 4-Mc2NPh 


Ar. Ar 
"Y^OH 

Ar Ar 


Ar. Ar 

X^OH 


Ar Ar 


n = 0. 1.2 
Ar=Ph 

Ar = 2-Naphthyl 
Ar = 4-MeO-Ph 
Ar = 4-Ph-Ph 
Ar = 1 -Naphthyl 
Ar = 4-Me2NPh 


Ar. Ar 

Xl 

X. .OH 

Ar"Ar 


Ar. Ar 
Ar'^Ar 


X = O. CH 2 ., CH 2 CH 2 
Ar=Ph’ 

Ar = 2-Naphthyl 
Ar=4-MeO-Ph 
Ar = 4-Ph-Ph 
Ar= 1 -Naphthyl 
Ar = 4-Me2NPh 


XoXh 


Ar Ar 


°X" 

Ar Ar 


Ar=Ph 

Ar = 2-Naphthyi 
Ar = 4-MeO-Ph 
Ar = 4-Ph-Ph 
Ar = 1 -Naphthyl 
Ar = 4 -M 62 NPh 


Ar. Ar 

AoY, .nr^r2 AqX^nr^ 

Ar'^Ar Ar^Ar 


R^ = r 2 = Me 
R^ = H, r 2 = Bn 
Ar= Ph 

Ar = 2-Naphthyl 
Ar=4-MeO-Ph 
Ar=4-Ph-Ph 
Ar= 1 -Naphthyl 
Ar=4-M62NPh 










Figure 34 




































Figure 37 
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Figure 39 
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Figure 41 


2: (R,S)-Isomer Chromatogram 
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